


[bookmark: _Ref510623357][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #97               	R1-1907068
Reno, NV, USA, May 13th – 17th, 2019

Agenda item:		7.2.13.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Remaining details of cross-carrier scheduling with mixed numerologies
Document for:		Discussion and Decision
Introduction
RAN1#96bis made the following agreements on the cross-carrier scheduling with different numerologies:

	R1-1905690	Feature lead summary on Cross-carrier Scheduling with Different Numerologies Nokia, Nokia Shanghai Bell
Agreements:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary

R1-1905756
Agreements:
Regarding PDSCH-to-HARQ-ACK minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 

Agreements:
Regarding PDCCH-to-PUSCH minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 

Conclusion:
· The PDCCH monitoring occasion determination is based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies
· No spec change is intended




This document discusses the key remaining open issues to be resolved in RAN1#97
Scheduling timeline for cross-numerology scheduling 
RAN1#96bis completed the PDCCH-to-PDSCH timeline framework while leaving a couple of open issues to be resolved:
· Finalization of the Δ values
· The handing of case 1-2 and case 2 scheduling
· The handling of high-SCS PDCCH to low-SCS PDSCH/PUSCH scheduling
RAN1#96bis agreements on the PDSCH-to-HARQ-ACK and PDCCH-to-PUSCH are complete and no further work is required on those aspects.
Finalization of the Δ values
RAN1#96bis set the stage for further discussion with the following table to be applicable at least for a lower SCS PDCCH scheduling a higher SCS PDSCH:
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	[2-4] symbols
	[4] symbols
	[6-8] symbols



Nokia preference is 2, 4 and 6 symbols for 15, 30 and 60 kHz SCS respectively, and we expect this discussion to be driven by the email discussion summary.
Proposal-1: At least for a lower SCS PDCCH scheduling a higher SCS PDSCH, the Δ is set to 2, 4 and 6 symbols for PDCCH numerology 15, 30 and 60 kHz SCS respectively.
The handing of case 1-2 and case 2 scheduling
Figure 1 shows a 30-to-120 kHz scheduling case 1-1 assuming 4-symbol Δ as suggested in section 2.1 for that case. There is a latency penalty of 2 slots or 0.25 ms relative to self-scheduled case. 30-to-60 case would look the same with 1 slot or 0.25 ms latency penalty. The 15 kHz to 120 kHz scheduling would incur an additional slot of latency penalty unless the PDCCH search space is reduced to 1 symbol.
[image: ]
Figure 1: Case 1-1 scheduling from 30 kHz to 120 kHz assuming 4-symbol Δ and 2-symbol CORESET

Figure 2 looks at the same setup as above for case 2 scheduling, and it appears that if the same approach in determining the PDCCH-to-PDSCH time difference is used, there is no additional penalty in terms of latency. Rather, there is additional UE processing budget gain if the PDCCHs are staggered in the beginning of the slot, or if a multi-slot DCI is introduced.
Figure 3 considers a case 1-2 setup with 2-symbol delayed PDCCH search space with 15 kHz PDCCH scheduling 30 kHz PDSCH and a 2-symbol Δ as suggested in section 2.1 for that case. The quantization still allows scheduling PDSCH slot#1. 
[image: ]
Figure 2: Case 2 scheduling from 30 kHz to 120 kHz assuming 4-symbol Δ and 2-symbol CORESET

[image: ]
Figure 3: Case 1-2 scheduling from 15 kHz to 30 kHz assuming 2-symbol Δ and 2-symbol CORESET

Proposal-2: The case 1-1 scheduling rule for determining the Δ for the low-SCS PDCCH to high-SCS PDSCH is extended to apply to case 1-2 and case 2 scheduling, i.e. the rule below agreed in RAN1#96bis applies for all the scheduling cases:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary

Support of full buffer scheduling
The following alternatives were identified in the RAN1#96bis offline for scheduling multiple PxSCH slots from one PDCCH slot
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Alt 3: Multi-slot scheduling with different TB per slot  
· Alt 4: Multi-slot scheduling with one TB across multiple slots 

As can be seen from Figure 2, the low-to-high scheduling with each PDSCH being scheduled with a separate DCI adds to the PDCCH overhead of the scheduling cell as well as increases the UE’s PDCCH decoding burden and power consumption from what would really be required. This makes alternatives 1 and 2 somewhat unattractive. Alternative 4 seems unnecessarily intrusive given the fact that the maximum TB size would need to be increased and this could have unintended impacts to implementations that may be dimensioned to operate with a specific max TB size, and the mapping of coded bits to the physical resource elements would need to be revisited. Hence, we look at alternative 3 and its implications in more detail in order to see if it would be more practical than the other three alternatives.
As NR-U work item has already agreed to introduce a mechanism for scheduling multiple TBs across several slots with a single PDCCH for the uplink, that solution could be adopted for cross-carrier scheduling. It may be difficult to commit to this without knowing the details of the solution, and the work item for cross carrier scheduling with different numerologies may have to wait until the NR-U design is complete to decide if that solution can be applied without functional modifications (i.e. either as-is, or some sub-set of what is defined). Given this, we suggest that this work item proceeds with the design for both downlink and uplink, and when the NR-U work has progressed, the designs can be harmonized.
Proposal-3: Proceed designing the multi-slot scheduling with different TB per slot for both DL and UL, harmonize the design with NR-U when the NR-U work has progressed.
Main step in the DCI design for multi-slot PxSCH scheduling is the identification of parameters that need to be signaled per slot as well as parameters that can be common for all scheduled slots.  
Proposal-4: Adopt the following framework for the multi-slot scheduling
· One DCI schedules N TBs across N slots consecutive slots; a new DCI field is needed for this
· One time domain allocation determining the TD allocation for all scheduled TBs
· The signalled slot offset and starting symbol relate to the first scheduled TB 
· The duration is relevant for the last scheduled PUSCH       
· One frequency domain resource allocation determining the FD allocation for all scheduled TBs
· One MCS indicated applied to all scheduled TBs
· Each TB maps to its own HARQ process
· HARQ-ACK bits are either sent jointly similar to CBG-based HARQ-ACK with N CBGs or bundled as a single HARQ-ACK bit
· CBG-based HARQ is not used
· HARQ-Ack timing is based on the last scheduled TB
· NDI and RV independent per TTI (common if joint HARQ-ACK is used).
Enhancements to cross-carrier scheduling search-space configurations
In R15, the configuration of search-space for cross-carrier scheduling has been designed sub-optimally, because introduction of new RRC parameter in RAN1 was not allowed after RAN plenary declared NR specification complete. Therefore, in R16, introduce new RRC parameter for a scheduled cell to configure number of candidates for the scheduled cell in the set of search-space sets of the scheduling cell. 
[bookmark: _Hlk1161160]Proposal-5: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 
Conclusions
In this contribution the following proposals are made:
Proposal-1: At least for a lower SCS PDCCH scheduling a higher SCS PDSCH, the Δ is set to 2, 4 and 6 symbols for PDCCH numerology 15, 30 and 60 kHz SCS respectively.
Proposal-2: The case 1-1 scheduling rule for determining the Δ for the low-SCS PDCCH to high-SCS PDSCH is extended to apply to case 1-2 and case 2 scheduling, i.e. the rule below agreed in RAN1#96bis applies for all the scheduling cases:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary

Proposal-3: Proceed designing the multi-slot scheduling with different TB per slot for both DL and UL, harmonize the design with NR-U when the NR-U work has progressed.
Proposal-4: Adopt the following framework for the multi-slot scheduling
· One DCI schedules N TBs across N slots consecutive slots; a new DCI field is needed for this
· One time domain allocation determining the TD allocation for all scheduled TBs
· The signalled slot offset and starting symbol relate to the first scheduled TB 
· The duration is relevant for the last scheduled PUSCH       
· One frequency domain resource allocation determining the FD allocation for all scheduled TBs
· One MCS indicated applied to all scheduled TBs
· Each TB maps to its own HARQ process
· HARQ-ACK bits are either sent jointly similar to CBG-based HARQ-ACK with N CBGs or bundled as a single HARQ-ACK bit
· CBG-based HARQ is not used
· HARQ-Ack timing is based on the last scheduled TB
· NDI and RV independent per TTI (common if joint HARQ-ACK is used).
Proposal-5: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 
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